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Beta Pictoris: 
- bright star (Mv = 3.86) 
- very young (< 20 Myr) 
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The Beta Pictoris Sytem 
2017/08/08 Small Satellite Conference, 2017 5 
Main objective of PICSAT: constant monitoring of the photometry of 
Beta Pic, at ~100 ppm/hour accuracy to detect the transit 
- Characterize the Hill Sphere 
- Detect any orbitting material (rings, moons, if any) 
- Inohomogeneities in the disk 
- Detect exocomets in visible band 
 
- Demonstrate our ability to inject starlight in a single mode fiber 
PicSat primary objectives 
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Mission overview 
Payload unit (1.1 kg, 2 W)  
(also contains the Star Tracker) 
ADCS unit (0.5 kg, 2 W) 
OBC unit (and power generation,  
communication, data handling, etc.) 
(1.5 kg, 3 W) 
UHF/VHF antennas 
Solar panels  
on all sides + 4 deployable units) 
Star tracker 
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Light injection in a single-mode fiber 
Core (3 microns) Cladding (125 microns) 
Fundamental (gaussian) mode 
When injecting light in a single mode fiber,  the incoming beam has to match the fiber 
fundamental mode.  
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Light injection in a single-mode fiber 
Core (3 microns) Cladding (125 microns) 
Fundamental (gaussian) mode 
When injecting light in a single mode fiber,  the incoming beam has to match the fiber 
fundamental mode.  
The best which can be done with a circular aperture with no obstruction is about 0.8. 
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Core (3 microns) Cladding (125 microns) 
Fundamental (gaussian) mode 
Light injection in a single-mode fiber 
DEFOCUS! 
When injecting light in a single mode fiber,  the incoming beam has to match the fiber 
fundamental mode.  
The best which can be done with a circular aperture with no obstruction is about 0.8. 
Any optical aberration will result in injection losses (mainly, but not limited to, defocus, 
and tip/tilt) 
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Core (3 microns) Cladding (125 microns) 
Fundamental (gaussian) mode 
Light injection in a single-mode fiber 
TIP/TILT! 
When injecting light in a single mode fiber,  the incoming beam has to match the fiber 
fundamental mode.  
The best which can be done with a circular aperture with no obstruction is about 0.8. 
Any optical aberration will result in injection losses (mainly, but not limited to, defocus, 
and tip/tilt) 
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Science payload: a fibered photometer 
Electronics and detector 
Dedicated payload board: 
- STM32F3 microprocessor (72 MHz) 
- ID quantique ID101 photon counting avalanche 
photodiode 
- Temperature regulation of the detector (0.01°C 
stability) 
- High voltage (150 V) piezo control 
- Monitoring sensors  
- UART/RS422 400 kBits/s interfaces to main 




- 200 mW in Standby mode 
- 1800 mW in Science mode 
 
3.3 V / 5 V inputs 
to main computer / to ADCS 
to piezoelectric actuators 2017/08/08 12 
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Optical configuration 
A compact two mirrors off-axis telescope design: 
- 37 mm effective diameter, F/D = 4.0 (focal length = 148 mm) 
- 30° off-axis parabola, obstruction free design 
- Both the structure and the primary mirror are in aluminum 
70 mm 
100 mm 
Source Assumption Error level Resulting 
error (ppm/h) 
Photon noise N=80x104 
e/s 
𝑵 60 
Readout noise 0 0 0 
Dark current N=103 e/s 𝑵 0.1 
Sky background N=150 e/s N 5 
Thermal 
stability 
0.01 K 0.4 % per K 40 
Voltage 
stability 
100 uV 20 % per Volt 20 
Pointing 
stability 
100 Hz 5 % 80 
Photometric budget 
TOTAL : 110 ppm/h 





- Jitter noise injected: white noise, 0 to 20 Hz, 30 arcsec (1 sigma) 
- Reduced to 0.4 arcsec by the tracking algorithm  
 
Open loop Closed loop 
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Conclusions 
The PicSat payload: 
- A 3.7 cm effective diameter telescope & single 
mode fiber combination for precision photometry 
(100 ppm/hr) on bright target (Mv < 5) 
- Total weight: 1.09 kg 
- Total power consumption: 2 W 
- Direct serial interface to main computer, with 
CCSDS based protocol 
- Autonomous science acquisition management 
- Fully reprogrammable system 
- Tested in thermal vacuum and vibrations 
- Currently in final integration phase. Expected to be 
on-sky by the end of the year. 
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Conclusions 
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What’s next? See Lacour et al. “Cubesats as 
pathfinder for planetary detection”, SPIE 2014  
The PicSat payload: 
- A 3.7 cm effective diameter telescope & single 
mode fiber combination for precision photometry 
(100 ppm/hr) on bright target (Mv < 5) 
- Total weight: 1.09 kg 
- Total power consumption: 2 W 
- Direct serial interface to main computer, with 
CCSDS based protocol 
- Autonomous science acquisition management 
- Fully reprogrammable system 
- Tested in thermal vacuum and vibrations 
- Currently in final integration phase. Expected to be 
on-sky by the end of the year. 
 
 
Questions? 
